Two cycles of recurrent phenotypic selection with a weighted Euclidean distance index based on flower colour were applied to individual plants sampled from the Davis population of gerbera (Gerberajamesonii H. Bolus ex Hooker). The index (I) included CIELAB (1976) variables hue (H), chroma (C) and value (L). The narrow-sense heritability (h2) for I in cycle 0 was estimated at more than 1.0 by half-sib family means and consequently overestimated the selection response. However, the genetic variance was exhausted after two cycles of selection and genetic correlations among the component traits of the index became increasingly positive. Complex segregation analysis (CSA) of index scores in the Davis population supports a mixed Mendelian model with a completely dominant segregating major gene accounting for 20 per cent of the phenotypic variance. This model estimates h2 =0.9 for land is discussed as it pertains to the effects of selection on the genetic parameters of the selected population.
Introduction
Flower colour may be treated as a composite of three metric characters: hue, chroma and value (McGuire, 1992; Voss, 1992) . These characters describe the type (namely red, yellow, green or blue, etc.), intensity and lightness of colour, respectively. Their distributions in the Davis population of gerbera indicate that they are continuous variables (Tourjee et a!., 1993) . The variability described by these distributions is largely under genetic control (Tourjee et a!., 1995) and subject to selection. Therefore, these component traits permit the precise definition of colour phenotypes and are amenable to the procedures of biometrical genetics.
The genetic gain to be made under a recurrent phenotypic selection regime depends on the genetic architecture of the trait in a given population. Selection will cause only a temporary change in genetic variance owing to genetic disequilibrium and gain will continue if a quantitative trait is determined by an mfmite number of unlinked polygenic loci (Bulmer, 1971) . A selection plateau may result from limits imposed by the nature of the trait (namely percentages have limits of 0 *Correspondence and 100, and physiological processes operate within biological constraints), reduced fertility in selected lines, dominant favourable alleles, overdominance or the effects of concurrent natural selection (Falconer, 1989) . In finite populations a selection plateau may be reached if genetic variance is exhausted. Genetic variance may be exhausted through selection or drift in small populations especially when genes of large effect contribute to genetic variability. Hospital & Chevalet (1993) used simulation studies to show that when genetic assumptions are not restricted to the infinitesimal model selection theory overestimates response, and Chevalet (1994) described a finite genetic model for estimating response to selection. Complex segregaton analysis (CSA) (Elston, 1993) determines if the infinitesimal model is appropriate for a trait and provides insights into the success of long-term selection experiments.
The purpose of this study was to investigate the response to recurrent phenotypic selection of flower colour in the Davis population of gerbera using a weighted Euclidean distance index (Harding et a!., 1991) . The index was used to minimize distance to a target colour of specified hue (H), chroma (C) and value (L). The selection results are discussed in relation to CSA of the index scores.
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Materials and methods
Base population
Gerbera (Asteraceae) is a heterozygous, crosspollinated cut-flower crop. The Davis population has been randomly mated and grown as an annual in the same greenhouse for 16 generations. Plants in 7.6 L pots were randomly assigned to locations within the greenhouse in each generation. In most generations 40 parents have been selected from approximately 400 plants (n 454 in generation 15) and intermated in a disconnected factorial mating design (Comstock & Robinson, 1948) . The 40 parents were mated via four 5 x 5 crossing blocks, yielding 25 full-sib families per block in generation 15. Previous selection in the population has been based on a desired gains index (Pesek & Baker, 1969 ) that included flower yield and flower dry weight, but not flower colour. This population and its colour traits have been described more fully elsewhere (Byrne et a!., 1977; Harding et a!., 1991; Tourjee etal., 1993; Yu eta!., 1993) .
Co/our measurement Colour measurements of flowers were obtained using the Minolta (Ramsey, New Jersey) CR-200 chroma meter. It is a tn-stimulus colour analyser for measuring the reflective colours of surfaces. The CR-200 has an 8 mm diameter aperture with diffuse illumination from a pulsed xenon arc lamp and a 00 viewing angle. Measurements were made using the H and C transformations of the CIELAB (1976) colour space as described by Tourjee et al. (1993) .
Index
Euclidean distance indices provide a convenient means to measure the distance of individuals from a reference point. A Euclidean distance index scores phenotypes relative to an optimal phenotype that may be intermediate in value. Index scores can be used to select individuals to minimize mean distance from a target colour. The index used in this study contained only the three colour traits, H, C and L, as follows:
The target colour was H 85, C= 80 and L =50; which can be described as a deep yellow colour. Selection and mating scheme Twelve plants with the lowest index scores were selected from generation 15 of the Davis population (cycle 0). These plants were intermated in a 6 x 6 factorial mating design to obtain cycle 1 with a population size of 246 plants. The procedure was repeated on cycle 1 to produce cycle 2, a population of 261 plants. The selection intensity was 2.3 and 2.0 standard deviation units for each cycle of selection, respectively (Falconer, 1989) .
In cycles 1 and 2 the plants were grown in 15 cm pots until first flower when their flower colour was measured. Plants were discarded after first flower if they were not selected as parents. Cycle 1 was grown in the autumn of 1991, cycle 2 in the spring of 1992.
All estimates of cycles 0, 1 and 2 genetic parameters are based on half-sib family means using least squares estimates as described in Weber & Wricke (1986) . Cycle 0 consisted of four subpopulations (one from each crossing block); therefore, the estimates given for cycle 0 represent the average of four estimates.
Statistical calculations to obtain relevant mean squares and mean products were performed using the GLM procedure of SAS (SAS Institute, 1988) . The limiting value of heritability (hfl, resulting from the offsetting processes of genetic variance reduction from selection and regeneration from recombination, was estimated according to Gomez-Raya & Burnside (1990) :
where k is the selection intensity in standard deviation units and h is the narrow-sense heritability in cycle 0.
The inbreeding effective population number (Ne(f)) was calculated according to Crow & Kimura (1970) .
Estimates of skewness and kurtosis were made using the Univariate Procedure of SAS (SAS Institute, 1985) .
Complex segregation analysis CSA utilizes pedigree analysis (Cannings et a!., 1978; Elston & Stewart, 1971) to determine the underlying genetic structure of a trait. Regressive models (Bonney, 1984) have been formulated to facilitate CSA. Briefly, these models define residuals from major gene effects that are treated as dependent random variables. These residuals can be interpreted in terms of polygenic and environmental factors by regressing the residuals of an individual on those of antecedent members of the pedigree. The application of CSA to a plant population was described by Tourjee et at. (1995 likelihood functions was achieved through the complete direct search method. An overall heritability (hi) was estimated from CSA that includes the additive effects of both major-and polygenes. The additive variance estimate for the major gene (Falconer, 1989) The likelihood ratio test (LRT) was used to compare restricted models against the general model (Edwards, 1978) . The LRT, twice the negative loge likelihood (-2lnL) of each model, is constructed as the difference between the unrestricted and restricted models. It asymptotically approaches a x2 distribution with d.f. equal to the difference in number of parameters between the two competing hierarchical models.
Akaike's information criterion (AIC), -2lnL +2 (number of parameters), was used to compare nonhierarchical models (Akaike, 1974) . The model providing the smallest AIC is the most appropriate for a given data set.
Three criteria for inferring the presence of a segregating major gene must be met by CSA to guard against the false detection of such a gene (Demenais et a!., 1986) . First, the transmission probability estimates of the general model must approximate Mendelian 
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control of phenotypic variability are discussed more fully by Khoury etal. (1993) .
Results
The frequency distributions of index scores for each cycle are given in Fig. 1 . The index scores in cycle 0 ranged from 13.0 to 64.4 with a mean score estimate of 38.6 and variance = 85.01. The distribution was approximately normal (skewness = -0.15, kurtosis = 0.52). After two cycles of selection scores ranged from 10.4 to 31.7 with a mean score estimate of 14.6 and variance= 8.88). The cycle 2 distribution deviated from normality (skewness 2.49, kurtosis = 9.01). The harmonic mean estimate of Ne(f) for two cycles of selection was 13.7.
The means of the component traits and index scores for each cycle of selection are shown in Table 2 . The means for H and C move closer to their target while L moves further from its target. The minimum index score in the cycle 2 population had coordinates H=83, C=74andL=70.
The narrow-sense heritability estimates for the component colour traits and the index are provided in Table 3 . They are relatively high in cycle 0 and drop rapidly in two cycles of selection. The index heritability estimates for each cycle were 1.4, 0.4 and 0.0, respectively.
The additive genetic correlations are not stable over the selection cycles (Table 4) (Table 5 ). Since the TAn estimate was fixed at a boundary the d.f. in the LRT were reduced by one (Khoury et a!., 1993) . The bestfitting models were the arbitrary and dominant models, the dominant model being more parsimonious (Table   fl . (Table 6 ). Comparing the CSA sample variance with Uh indicates that the major locus accounts for approximately 20 per cent of the phenotypic variation of index scores (Table 6 ). The additive genetic variance of the major locus (13.62) is 
Discussion
The genetic architecture of a trait plays an important role in determining its response to selection. This response can be studied in terms of the change in its mean and variance, as well as covariances with other traits. The classical polygenic model assumes a large number of independent genes, each with small effect. This predicts that selection does not plateau, genetic variances remain unchanged (after reaching a limiting value) and genetic correlations become more negative (Bulmer, 1971; Lerner, 1950) . If these predictions prove inaccurate the assumptions of the model need to be examined. CSA provides a mechanism to test hypotheses concerning the genetic basis of a trait, and to elucidate a model that more realistically fits the data. The rapid change in the mean index score estimate, from 38.6 to 15.1 in two cycles of selection, is predicted by the high heritability estimate for the index score in the cycle 0 population (Table 3 ). This heritability estimate also predicts that the target would be reached in two cycles of selection. However, most of the gain was realized in the first cycle of selection with only modest gains made in cycle 2. Inbreeding is not an important cause of drift for Ne(f) 13.7 (Baker & Curnow, 1969 All three criteria for detecting a major gene through complex segregation analysis were met in this investigation (Table 5 ). The CSA dominant model's overall heritability estimate (0.9) for the index of the unselected sample is more reasonable than that of the half-sib family means based on the least squares estimate (1.4). This is borne out in Table 2 by the gain realized from one cycle of selection. The CSA heritability of 0.9 and selection intensity of 2.3 standard deviation units should yield a cycle I population with a mean= 19.5 under phenotypic selection, compared with a mean=8.5 predicted from the least squares estimate of 1.4.
Changes in genetic correlation estimates under selection also suggest that a factor with large effect was fixed during selection. The change in the H and C correlation estimates, with selection in the same direction for each trait, may be an example of the modified scheme 1 model described by Sheridan & Barker (1974) . This scheme describes a structured system composed of genes with large and small effects. Selection results in a slow change in the additive genetic covariance and a more rapid reduction in the additive genetic variances causing an increase in the absolute value of the genetic correlation. In this experiment, the correlation between H and C increased from 0.1 to 0.7 as the heritability dropped for each trait.
The H and L genetic correlation estimates are strong and positive for each cycle while selection for these two traits is in opposite directions. Selection in opposite directions On a gene with pleiotropic effects will tend to neutralize the net selection pressure and stabilize the genetic correlation. The C and L genetic correlation estimates move from negative to positive, also suggesting that a major factor responsible for a negative covariance was fixed during selection.
Defining flower colour in gerbera as a composite of three continuous variables provides an opportunity to apply the techniques of quantitative genetics to a breeding programme aimed at improving this character. However, if the assumption of many independent genes of equal effect is seriously violated genetic variance may be rapidly exhausted and the gain predictions overestimated. Evidence for this scenario is provided by CSA in this study. This also illustrates the need to estimate parameters in each selection cycle.
